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FOREWORD 


This Indian Standard (Part 2) (First Revision) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Renewable Energy Sources Sectional Committee had been approved by the Mechanical 
Engineering Division Council. 


A wide variety of Solar Domestic Hot Water (SDHW) systems are marketed throughout the world. A natural 
consequence of this highly dispersed activity is the need to understand, predict and compare the performance of 
these systems. Standardized test methods are essential for assessing the performance potential. This standard has 
been developed to facilitate the comparison of these systems. 


Because of the various testing methodologies for determining thermal performance are being followed and 
acceptance in the industry, it was decided to prepare separate parts of this standard each covering a separate 
methodology. 


This standard was first published in 1991. The present revision has been taken up with a view to incorporating the 
modifications found necessary as a result of experience gained on the use of this standard. Also, in this revision, 
the standard has been brought into the latest style and format of Indian Standard, and references to Indian 
Standards, wherever applicable have been updated. 


Other parts of the standard under the general title *Solar heating — domestic water heating system' are: 


(Part 1) Performance rating procedure using indoor test methods; 

(Part 3) Procedures for system component characterization and predication for yearly performance using 
component performance data; 

(Part 4) Test methods to determine durability and reliability. 


The composition of the Committee responsible for the formulation of this standard is given in Annex C. 


For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 2022 ‘Rules for rounding off numerical values (second revision)’. The number of significant places retained 
in the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 
SOLAR HEATING — DOMESTIC WATER HEATING SYSTEMS 


PART 2 PROCEDURE FOR SYSTEM PERFORMANCE 
CHARACTERIZATION AND YEARLY PERFORMANCE 
PREDICATION 


( First Revision ) 


1SCOPE 


This standard (Part 2) sets out a method of 
determining the performance of a solar water 
heating system under natural outdoor conditions and 
prescribes a method of transforming the test results 
from the particular climate conditions of the test to 
long-term average conditions for the test location or 
for other location with similar solar irradiation 
conditions. 


2 REFERENCES 


The standards listed in Annex A contain provisions 
which through reference in this text, constitute 
provision of this standard. At the time of 
publication, the editions indicated were valid. AII 
standards are subject to revision, and parties to 
agreements based on this standard are encouraged to 
investigate the possibility of applying the most 
recent editions of these standards. 


3 FIELD OF APPLICATION 


3.1 The tests are carried out in typical operational 
conditions, the only restriction on the nature of 
systems that can be tested is that there can be no 
long-term energy storage. The total energy storage 
capacity in the solar pre-heat section of the system 
must be less than twice the nominal system capacity. 
The standard applies only to systems with an 
auxiliary heating system that can satisfy the load 
under no-solar input conditions. Types of solar 
water heating systems that can be tested include: 


a) Solar collector with remote hot water 
container system — both components 
supplied as a complementary and rated 
system with the primary circuit piping 
arranged to suit site conditions when 
installed; and 


b 


wm 


Close coupled or integral unit system — 
which may be tested as a complete unit. 


3.2 The primary energy transfer circuit between the 
collector and container may be either thermosiphon 
or forced circulation for the type described in (a) 
above. Supplementary water heating incorporated in 


the solar water heating system may be either integral 
with the solar water heater or remote from it. 

4 DEFINITIONS, SYMBOLS AND 
ABBREVIATIONS 


4.1 For the purpose of this standard, the following 
definitions shall apply. 


4.1.1 Absorber — Device within a collector for 
absorbing radiant energy and transferring this 
energy as heat into a fluid. 


4.1.2 Angle of Incidence (of direct solar radiation) 
— The angle between the solar radiation beam and 
the outward drawn normal from the plane 
considered. 


4.1.3 Angle of Inclination — Angle between the 
absorbing surface of the collector and the horizontal. 


4.1.4 Aperture Area — Of a solar thermal collector, 
the maximum projected area through which the 
unconcentrated solar radiation is admitted. 


4.1.5 Close-Coupled - Solar Water Heater — Unit 
where the collector abuts the container on a common 
chassis or cradle. 


4.1.6 Collector — Device containing an absorber. 


4.1.7 Container — Vessel (including fittings) in 
which the heated water is stored; sometimes referred 
to as a storage container, cylinder or tank. 


4.1.8 Electricity Tariffs 


4.1.8.1 Continuous tariff — Tariff for continuously 
available electricity supply. 


4.1.9 Irradiance — Power density of radiation 
incident on a surface that is the quotient of the 
radiant flux incident on the surface and the area of 
that surface, or the rate at which radiant energy is 
incident on a surface, per unit area of that surface. 


NOTE — Solar irradiance is often termed “incident solar 
radiation intensity”, “instantaneous insolation”, or “incident 
radiant flux density” — the use of these terms is deprecated. 
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4.1.10 Irradiation — Integrated total irradiance 
normal to the plane of the collector aperture whose 
effect on the thermal output of the collector would 
be the same as that if the integrated total solar 
radiation. Irradiation is normally expressed in mega 
joules per square metre (MJ/m?). 


4.1.11 Solar Water Heater — System normally 
consisting of a collector and a container which may 
be integral, close coupled or remote, and which 
heats water by means of radiant energy from the sun. 
It is normal for solar water heaters to be either fitted 


with or connected to a supplementary heating 
source. 


4.1.12 Load — The daily system hot water load 
defined as the product of the mass, specific heat and 
temperature increase of the water as it passes 
through the solar hot water system. 


4.2 Symbols and Abbreviations 


The following quantity symbols used in this 
standard: 


SI No. Symbol Meaning 
(1) (2) (3) 
1) A Collector aperture area (m?) 
ii) a Correlation coefficient 
iii) B Daily supplementary energy used by solar water heater (MJ/d) 
iv) B, Supplementary energy used by a conventional (non-solar) water heater (MJ) 
у) B, Daily gas energy consumption for a gas water heater (MJ) 
vi) B, Supplementary energy used on last day of the test period (MJ) 
vii) B, Supplementary energy used on day before test period (MJ) 
viii) B, Annual supplementary energy used (MJ) 
ix) b Correlation coefficient 
x) с Correlation coefficient 
xi) E, Energy delivered at water temperature of 55 ?C and above (MJ) 
xii) E> Energy delivered at water temperature below 55 °C (MJ) 
xiii) JA Solar fraction = (L — B)/L 
xiv) f: Supplementary energy fraction (B/L) 
xv) fr Energy savings relative to a conventional water heater (В, — B,)/ B, 
xvi) G Daily solar radiation on the total aperture of the collector (MJ/d). (Beam radiation 
for concentrating collectors, global radiation for all other types) 
xvii) g Daily solar radiation on unit area of collector aperture (MJ/d) 
хуш) L Daily load demand (MJ/d) 
xix) L4 Annual load demand (MJ/year) 
Xx) Lo Load demand on day before test period (MJ) 
xxi) La Load demand on last day of test period (MJ) 
xxii) N Number of test periods 
xxiii) n Number of days in test period (5 to 15) 
xxiv) Qb Burner heat input on a gas water heater (MJ/h) 
XXV) Qe Heat loss from container of gas water heater (MJ/h) 
xxvi) Ta Ambient temperature over 24 h (°C) 
xxvii) Te Bulk mean cold water supply temperature (°C) 
xxviii) Te Effective ambient temperature (°C) Т, + (T, — T;)/2 
ххіх) Та Bulk mean hot water delivery temperature over 24 h (°С) 
XXX) Za Firing efficiency of gas water heater 
xxxi) Үт Total volume of potable water contained by the system (L) 
xxxii) Vg Total volume of potable water heated by the supplementary energy supply (L) 


NOTE — The subscript indicates an individual test value of the quantity concerned. 


5 TEST EQUIPMENT AND INSTRUMENTATION 
5.1 General Description 


5.1.1 The solar system shall be mounted in the 
manner prescribed by the manufacturer. The 
collectors shall be mounted on a roof facing the 
equator, within 20 degrees, and any separate 
auxiliary tank may be mounted indoors or outdoors 
to simulate the installation requirement of the 
manufacturer. 


5.1.2 The roof on which the collectors are mounted 
may be specified by the manufacturer to suit the 
design of the collector system. Roof integrated 
systems may be installed in a typical roof attic 
installation. The collector shall be mounted at an 
angle specified by the manufacturer. 


NOTE — Radiation must be mentioned in the plane of the 
collector aperture. 


5.1.3 The location of the collectors and storage tank 
and all plumbing arrangements shall be as specified 
by the manufacturer. The size and location of 
plumbing components considered to be part of the 
internal structure of the complete system shall not be 
restricted in any way. External plumbing 
connections for the cold water inlet and hot water 
delivery shall satisfy local water supply authority 
regulations. 


5.2 Instrumentation 
5.2.1 General 


The following quantities are required to be 
controlled or measured to determine the 
performance of solar water heating systems: 


a) Delivered hot water flow rate; 
b) Supplementary energy used; 


c) Event timing to a standard pattern of hot 
water energy delivery; 


d) Thermal demand, embodying heat metering 
(in mega joules) which is automatically 
segregated into two bins E; and Р 
(see 5.2.7); 

e) Supply and delivery temperatures of the 
water flow through the storage container; 
and 

f) Irradiation, ambient temperature and wind 
speed. 
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5.2.2 Data Recording 


The data acquisition system shall record the 
following information: 


a) Daily total load energy; 

b) Load energy in bins Ё and E» (see 5.2.7); 
c) Daily total load volume; 

d) Bulk mean delivery temperature; 

e) Bulk mean cold water temperature; 

f) Daily supplementary energy consumption; 


g) Daily irradiation on the plane of the 
collector aperture; 


h) Daily average ambient temperature; and 


j Daily average wind speed at a height equal 
to the midpoint of the collector. (Not used 
in the data analysis, but recorded for 
reference.) 


5.2.3 Flow Rate Control 


For storage heaters, the water flow rate during all 
draw-off episodes shall be maintained at 
(12.5 to + 0.5) litres/min via a suitable means. For 
example a needle valve and solenoid on/off control 
valve. For instantaneous supplementary heaters, the 
flow rate is set at the rate specified by the 
manufacturer. The flow rate shall be maintained at 
the specified rate + 0.5 litres/min via a suitable 
means. 


5.2.4 Supplementary Energy Meters 


a) Electric: Watt-hour meter with an accuracy 
of + 0.1 percent; and 


b) Gas: Suitable meter with accuracy of 
+ 1.0 percent. 


5.2.5 Control of Supplementary Energy 


Supplementary energy may be supplied on a 
continuously available basis or restricted by a time 
clock to simulate any required off peak supply 
system. Thermostat settings shall Бе as 
recommended by the manufacturer. 


5.2.6 Draw-off Control 


The draw-off of hot water energy during testing 
shall be as specified in Table 1. 
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Table 1 Load Draw-off Sequence 
(Clauses 5.2.6, 6.4.2 and 6.4.5) 


SI No. Time Load 
(h) (litres) 
a) (2) (3) 
1) 700 - 800 0.20 V 
ii) 800 - 900 0.20 V 
lii) 900 - 1 000 — 
iv) 1 000 - 1 100 — 
v) 1 100 - 1 200 0.20 V 
vi) 1 200 - 1 300 — 
vii) 1 300 - 1 400 — 
viii) 1 400 - 1 500 — 
ix) 1 500 - 1 600 — 
x) 1 600 - 1 700 0.20 V 
xi) 1 700 - 1 800 — 
xii) 1 800 - 1 900 — 
xiii) ] 900 - 2 000 0.20 V 


The loads may be applied within 30 min of the times 
specified in Table 1. The times given are for the 
24 hour clock. The draw-off shall be under the 
control of a time switch, capable of initiating draw- 
off episodes at specified intervals. Each hot water 
energy draw-off episode shall be initiated by the 
time switch but will be terminated by the heat 
metering apparatus when the total amount of energy 
for that episode has been delivered or when the 
volume of water has reached the volume that would 
have been withdrawn if all the water was delivered 
at 55 °С. 


5.2.7 Thermal Demand (Heat Metering) 


The heat metering equipment used to control and 
monitor the hot water draw-off shall, in addition to 
measuring the total hot water energy delivered at 
any stage during a draw-off episode, indicate the 
quantity of energy (in mega joules) delivered as hot 
water: 


a) Ata temperature below 55 °C (designated 
Ез); and 

b) At a temperature of 55 °C and above 
(designated £j). 


The hot water energy shall be measured by water 
mass flow and temperature rise from inlet to outlet, 
integrated to give a continuous reading of energy 
delivered in each of the energy bins (Е and E» and 
the total energy delivered. A control facility shall be 


provided so that the draw-off will be terminated 
when the appropriate energy has been delivered in 
any particular draw-off episode (see 5.2.6, 6.4.1 and 
6.4.2). 


5.2.8 Location of Transducers 


The cold water temperature probe should be located 
on the supply side of the non-return and/or cold 
pressure relief valves. For low pressure systems the 
cold temperature probe may be located in the outlet 
of the feed tank provided the pipe to the main tank 
is shielded from direct sun and contains less than 0.5 
litre of water. The hot outlet temperature probe 
should be located within 100 mm of the tank outlet 
and insulated to minimize temperature transients at 
the start of a load draw-off. Temperature transducers 
should have a time constant of less than 5 second in 
mixed water. The flow meter should be located in 
the cold inlet line for a pressurized system. In a 
falling level low pressure system the flow meter 
must be located in the hot delivery line. Flow meter 
accuracy of + 0.5 percent and temperature 
measurement accuracy of + 0.15 °C are required. 


6 TEST METHOD 


6.1 The tests set out in this section are designated the 
no-solar test and the solar test. If the specifications 
of the system under the no-solar test are met then the 
system is subjected to the solar test until the range 
of operating conditions defined in 6.5 have been 
observed. 


6.2 Preliminary Evaluation 


The system shall be inspected to determine its basic 
construction details as per IS 12933 (Part 1 to Part 3 
and Part 5) and the written specification supplied by 
the manufacturer shall be examined. The following 
details shall be verified as being in accordance with 
the manufacturer's description: 


a) Collector 


1) Collector type; 

2) Absorber material and surface 
treatment; and 

3) Total aperture area (A). 


b) Storage Tank(s) 


1) Number of tanks; 

2) Total volume of potable water 
contained by the system (Vr); and 

3) Total volume of potable water heated 
by the supplementary energy supply 
(Vp). 


c) Supplementary Heating 


1) Source; and 
2) Rating. 


6.3 System Load Capacity 


The manufacturer shall nominate a daily total load 
that the particular system is designed to deliver. 


6.4 No-Solar Test 
6.4.1 General 


The purpose of the no-solar test is to determine the 
ability of the system to meet the load specified by 
the manufacturer, when the solar input is zero (to 
ensure that the auxiliary heating system is adequate). 


6.4.2 System Load 


While applying the load draw-off sequence 
specified in Table 1, the ability of the system under 
test to meet the nominated load, while maintaining 
delivery temperatures in excess of 55 °C, shall be 
assessed. If the system under test fails to meet the 
requirement, then the manufacturer may opt to de- 
rate to the next lowest load, or increase the 
thermostat setting (where possible) to retain that 
nominal load capacity. Whenever a manufacturer 
changes the thermostat setting, electricity tariff, load 
or classification ratings because of failure to meet 
the original specifications, the no-solar test must be 
repeated in accordance with the new specifications. 
The new specifications must also be applied in the 
solar test. 
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6.4.3 System Configuration during No-Solar Test 


For-the no-solar test-all plumbing connections shall 
be as for a normal operating installation. The 
collector shall be shaded by an insulated cover 
supported 150 mm above the collector surface to 
leave a clear path for air movement over the 
collector the cover being sufficiently large to ensure 
that the collector is shielded from irradiation at all 
times. The thermostat setting, supplementary energy 
supply type and load draw-off profile selected for 
the no-solar tests must be retained for the solar tests. 


6.4.4 Correction for Test Conditions 


6.4.4.1 The measured system capacity shall be 
corrected to correspond to an ambient temperature 
of 20 °C by the following equation: 


Nominal system capacity = measured system 
capacity + tank heat loss correction 


where 
Tank heat loss correction = (B — L) [1 — d 
Та-Та 


6.4.4.2 If the tank heat-loss correction is negative, 
the load used for the no-solar test must be higher 
than the nominal system capacity that the test is 
intended to check. To minimize testing time the last 
draw-off each day may be increased if necessary to 
account for tank-loss correction. This would only be 
necessary in situations where the  tank-loss 
correction may result in a system just failing to meet 
one of the nominal system capacities specified in 
6.4.2. 


6.4.5 Test Method 


The system under test is connected to the cold water 
supply and filled. The supplementary energy source 
is switched on and the system left until the first 
thermostat cut-out occurs following which the 
manufacturer's specified load is applied using the 
draw-off sequence in Table 1, The system shall be 
operated with constant (within 2 percent) daily 
energy draw-off for5 days after the first thermostat 
cut-out. The delivered temperature for the purpose 
of assessing energy draw-off shall be not less than 
55 °C. If the variation of daily supplementary energy 
consumption between days 3, 4 and 5 is less than 
2 percent of the daily load, the performance shall 
be averaged over days 3, 4 and 5. If the variation of 
daily supplementary energy consumption is greater 
than or equal to 2 percent the test period shall be 
extended to 8 days and the performance shall be 
averaged over days 3 to 8. Four no-solar test 
periods (each of 3 days or 6 days duration) should 
be evaluated. 
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6.5 Solar Test 
6.5.1 General 


For the solar test the performance of the system shall 
be evaluated for three different daily loads. The 
difference between the maximum and minimum 
loads shall be at least 0.5 times the nominal system 
capacity. To minimize transient effects associated 
with outdoor operation the performance is averaged 
over test periods of 5 or more days (see 6.5.2). 


6.5.2 Test Period 


The system should be operated until 7 stable test 
periods of 5 more days consecutive operation are 
recorded for each load. The test periods may be 
based on a sliding 5 day to 15 day period. Thus, the 
first 7 points could be completed in a minimum of 
11 days (plus 2 days initial stabilizing operation); 
however, the stability requirement of the test point 
period (see 6.5.3) may result in the rejection of some 
data. 


6.5.3 Selection of Test Period Data 


To avoid selecting data from periods when there is a 
significant change of internal energy in the tank, the 
performance data is averaged over any consecutive 
sequence of 5 days to 15 days operation that satisfies 
the following conditions: 


a) System must be operated for 2 days before 
the test period; 


b) The net change in daily supplementary 
energy from the day before the test period to 
the last day of the test period must be less 
than 3 percent of the daily load; 

c) The change of solar irradiation from the day 
before the test period to the-last day of the 
test period must be less than 5 MJ/m? day; 


d) Daily loads must be within + 10 percent of 
the average load over the period; 


e) The daily solar fraction (f) during the test 
period must be less than 0.90; and 


NOTE — This is to avoid selecting test data from periods 
when over-temperature safety devices have operated. 


f) The daily solar fraction (f) during the test 
period must be greater than — 0.1. 

NOTE — This requirement is to avoid selecting test data 

from periods of heavy rain or high winds when little solar 


energy is collected and the system operation may deviate 
from normal. 


6.5.4 Test Loads 


Test loads may be selected in the range from 
approximately 0.5 times the system capacity to a 
maximum consistent with the required delivery 
temperature (55 °C minimum). The first load should 
be the system capacity. The other two loads should 
be selected so that the system operation is consistent 
with 6.5.3 (d). 


The middle load shall be approximately halfway 
between the maximum and minimum loads. The 
exact relationship of the loads to the system capacity 
is not critical provided the specified range of loads 
is used. 


6.5.5 Range of Test Conditions 


The performance of a solar water heater is a function 
of the parameters G/L and Та — T,/L. To correlate 
outdoor test data measurements must cover a range 
of these two parameters. The specification of tests 
for 3 daily loads ensures a satisfactory range of the 
parameter T4 — T./L. To ensure that a range of 
values of the parameter G/L are also included the 
test periods must satisfy the distribution 
specification in Table 2. A minimum of four test 
points-must also be obtained from periods of 
medium to high solar contribution that is four test 
points with f > 0.4. If the initial 21 solar test points 
fail to satisfy these conditions the tests should be 
continued with appropriate loads until the required 
distribution is obtained. 
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Table 2 Required Distribution of Test Point Data 
(Clause 6.5.5) 


SI No. G/L Minimum Number of Test Points 
(G/L) max. 
(1) (2) (3) 
i) 1 to 0.7 5 
ii) 0.7 to 0.4 5 
OR 
SI No. G/L Minimum Number of Test Points 
(G/L) max 
(1) (2) (3) 
i) 1 to 0.6 5 
ii) 0.6 to 0.3 5 


NOTE — (G/L) maxx = Maximum value of G/L observed in the valid test periods. 
6.6 Analysis of Test Results 
The 25 (or more) solar and no-solar test points are to be correlated as follows: 
f = [a+ (Та — Te)/L] (G/L) + c(Ta — Te) /L 
The coefficients ‘a’, ‘b’, апа “с”, are evaluated using the least-squares curve fitting technique. 
6.7 The system performance shall be reported in the following manner: 


a) No solar capacity: 


i) System capacity MJ/d |... AA 
i) Eijdelivry MJ/d j.24.1.4.444444444——A 
ii) E2 delivery MJ/d — — —— | .55..4.444| 4A 
iv) Supplementary energy MJ/d |... 

continuous supply — ^ {е 

off peak supply — - {Н 
v) Average daily temperature °C |... 


Type of Supplementary Energy: [that is gas, continuous electric, off peak electric (hours...... to........)]. 


b) Solar performance: 


1) System characteristics: 


f = [а + b(Ta - Te)/L] (G/L) + c(Ta - Te) /L 
where 


2) Long-term average energy savings relative to a conventional water heater (ўв), and supplementary 
energy fraction (f+), for the relevant climate and load conditions selected from Tables 3 and Table 4. 
(The energy savings should be evaluated for the system capacity and for loads of 20 and 40 MJ/d. 
The water delivery temperature should be taken as the delivery temperature recorded during the no 
solar tests). 


IS 13129 (Part 2) : 2023 


Table 3 Solar Performance (Annual) 


(Clause 6.7) 
SINo. Climate Number Daily Load Demand Supplementary Energy Savings Relation 
(Winter Peak Months) Energy Fraction to Conventional Water 
Heater 
MJ/d Electric Gas 
(1) (2) (3) (4) (6) 
i) 
ii) 
iii) 
Table 4 Standardised Conditions for Analysis of Long Term Energy Savings 
(Clause 6.7) 
SI No. Month Climate 1 Climate 2 Fraction of 
Nominal Load 
g Te g Te 
(MJ/m? d) (°C) (MJ/m? d) (°C) 
(1) (2) (3) (4) (5) (6) (7) 
1) Jan 24 22 22 20 0.7 
ii) Feb 23 22 20 20 0.8 
iii) Mar 21 21 18 18 0.85 
iv) Apr 18 18 14 15 0.9 
v) May 16 15 11 12 0.95 
vi) June 14 12 9 10 1.0 
vii) July 16 11 10 9 1.0 
viii) Aug 18 12 13 11 1.0 
ix) Sep 20 14 16 12 1.0 
x) Oct 22 17 18 15 0.95 
xi) Nov 23 19 19 16 0.9 
xii) Dec 24 21 20 18 0.8 


The irradiation for each climate type is typical of a surface facing the equator and inclined at the local latitude 
angle. The system characteristic equation can also be used to evaluate the performance for other orientations 
provided the inclination change does not affect the operation of the system — other than due to changes of incident 


irradiation. 


Evaluate the solar contribution relative to a conventional water heating system, and the supplementary energy 
fraction, as follows: 


where 


fr = Energy savings relative to a conventional water heater; 


fe = Supplementary energy fraction; 


B, = Supplementary energy used by a conventional water heater (electric or gas) = load + losses; 


B, = Annual supplementary energy used by the solar water heater (MJ/year); and 


La = annual load demand MJ/year). 


6.8 Sample calculations of 6.6 and 6.7 are illustrated in Annex B. 


ANNEX A 
(Clause 2) 


LIST OF REFERRED STANDARDS 


IS No. 
IS 12933 
(Part 1) : 2003 
(Part 2) : 2003 
(Part 3) : 2003 
(Part 5) : 2003 


Title 


Solar flat plate collector — Specification: 


Requirements (second revision) 
Components (second revision) 
Measuring instruments (first revision) 


Test methods (second revision) 
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ANNEX B 
(Clause 6.8) 


EXAMPLE CALCULATION 
B-I TEST DATA 


a) No-solar load cycle performance (3-day average) 


SI No. Toi Gi Li Bj Tai Toi fi Gi Tai — Tei 
°C муа | муа | мла "C °C Li Li 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
i) 19.7 0 60.4 66.5 592 192 | -0.10 0 0.65 
ii) 20.1 0 60.5 67.1 59.5 193 | -01l 0 0.65 
iii) 19.6 0 60.2 66.2 59.0 195 | -010 0 0.65 
iv) 19.8 0 60.3 65.7 59.1 193 | -010 0 0.65 


Container heat loss correction positive or approximately zero, hence the system operates satisfactorily (that is 
delivery temperature is 55 °C or more) for a nominal system capacity of 60 MJ/d. 


b) Solar test results (5 day to 15 day average) 


SINo. | Testpoint | T, Gi Li Tai Ты fi Gi Tai — Tei 
(i) °С ма | MJ is °С Li Li 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
i) 1 23.6 60.0 46.5 57.7 22.0 0.38 1.29 0.73 
il) 2 23.0 59.8 46.4 57.7 22.2 0.37 1.29 0.74 
ili) 3 22.0 61.3 46.4 57.6 22.1 0.38 1.32 0.77 
iv) 4 22.3 73.4 46.4 57.9 22.4 0.52 1.58 0.77 
v) 5 22.2 76.3 46.4 59.0 22.5 0.55 1.65 0.79 
vi) 6 22.3 84.7 46.4 59.9 23.0 0.58 1.83 0.81 
vii) 7 22.4 80.2 46.3 59.3 22.5 0.64 1.73 0.80 
viil) 8 23.2 81.6 60.5 57.3 22.5 0.53 1.35 0.56 
ix) 9 23.0 81.4 60.7 57.8 22.5 0.55 1.34 0.57 
x) 10 23.2 75.9 60.5 57.6 22.3 0.51 1.25 0.57 
xi) 11 23.1 89.9 60.5 57.0 23.0 0.61 1.49 0.55 
xil) 12 23.9 88.2 60.5 57.2 23.1 0.64 1.46 0.55 
xiii) 13 22.5 61.5 60.6 57.7 22.2 0.40 1.02 0.58 
xiv) 14 22.5 58.2 60.6 57.7 22.1 0.37 0.96 0.58 
xv) 15 16.4 50.7 35.2 57.4 15.2 0.43 1.44 1.16 
xvi) 16 14.3 61.0 35.2 58.0 15.0 0.54 1.73 1.24 
xvii) 17 14.0 65.5 35.2 58.2 15.3 0.61 1.86 1.25 
xviii) 18 14.4 58.5 35.5 57.9 15.5 0.52 1.65 1.22 
xix) 19 14.5 56.7 35.6 57.7 15.2 0.50 1.59 1.21 
XX) 20 15.0 55.1 36.2 57.0 15.6 0.48 1.52 1.16 
xxi) 21 14.9 54.1 36.9 57.2 15.2 0.47 1.47 1.15 


T PATE tot 
f= 0.4616 — 0.0361 ( А |= - 0.1519 ( 7 ) 


B-2 PERFORMANCE 


The performance of this system operating in an installation with climate 1 conditions is as shown in the table 


below. 


NOTE — Peak monthly load equal to system capacity. 
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SL No. Month G Te Ta L f B 
MJ/d °C °C MJ/d MJ/d 

(1) (2) (3) (4) (5) (6) (7) (8) 
1) Jan 91.2 22.0 59.0 42.0 0.80 8.4 
ii) Feb 87.4 22.0 59.0 48.0 0.67 15.7 
iii) Mar 79.8 21.0 59.0 51.0 0.57 22.1 
iv) Apr 68.4 18.0 59.0 54.0 0.43 30.5 
v) May 60.8 15.0 59.0 57.0 0.35 37.3 
vi) June 532 12.0 59.0 60.0 0.27 44.1 
vii) July 60.8 11.0 59.0 60.0 0.32 41.0 
viii) Aug 68.4 12.0 59.0 60.0 0.37 37.5 
ix) Sep 76.0 14.0 59.0 60.0 0.44 33.8 
X) Oct 83.6 17.0 59.0 57.0 0.53 27.0 
xi) Nov 87.4 19.0 59.0 54.0 0.59 22.1 
xii) Dec 91.2 21.0 59.0 48.0 0.70 14.3 


B-3 CALCULATIONS 


B-3.1 Supplementary Energy Fraction 


f= 


_ 10170 
^. 19809 


= 0.51 


_ Supplementary energy used(Bs) 
Annual load (La) 


B-3.2 Energy Saving Relative to a Typical Electric Water Heater 
Based on a storage tank with a heat loss of 2.56 kW h/day (9.22 MJ/day), the energy consumption of a 
conventional electric water heater supplying the above loads in climate 1 would be: 
B, = 19 809 + 3 400 = 23 209 MJ/year 

Energy saving relative to a conventional electric water heater: 

fr = (В. — В;)/В = (23 209 — 10 170)/23 209 

= 0.56 
B-3.3 Energy Saving Relative to a Gas Water Heater 
The efficiency of a conventional gas water heater is a function of the heat loss (qe) from the container (and through 


the flue) when the burner is off, and the energy input efficiency (2ь) when the burner is operating (firing, 
efficiency). 
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The daily gas energy consumption is: 


_ E t tae) 
8 14% + qe T 


For a new 100 litres gas water heater typical performance factors are: 
qp = 40MJ/h (Burner heat output) 

qe — 0.73 MJ/h 

Zy — 0.83 
For a load of 54.3 MJ/day 
B, = 84.7 MJ/day = 30 900 MJ/year 
Energy saving relative to a conventional gas water heater is 

fo = (B, - 8/8, 


_ 30 900 — 10 170 
30 900 


— 0.67 
Annual Load La = 19 809 MJ/year = 54.3 MJ/d 
Supplementary Heat Bs = 10 170 MJ/year = 27.9 MJ/d 


B-4 RELATIVE ENERGY SAVING RESULTS 


SI No. Climate Load fn fn 
Type Electric Gas 

(1) (2) (3) (4) (5) 
i) 1 60 0.56 0.67 
ii) 1 30 0.86 0.91 
iii) 2 60 0.45 0.59 
iv) 2 30 0.72 0.81 
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ANNEX C 
(Foreword) 


COMMITTEE COMPOSITION 
Renewable Energy Sources Sectional Committee, MED 04 


Organisation 
Ministry of New And Renewable Energy, New Delhi 
Bharat Heavy Electrical Limited, New Delhi 
Biogas Forum India, New Delhi 
CSIR - Central Leather Research Institute, Chennai 


CSIR - Central Mechanical Engineering Research Institute, 
Durgapur 


Cement Manufacturers Association, New Delhi 


Central Arid Zone Research Institute, Jodhpur 


Central Public Works Department, New Delhi 


Consumer Coordination Council, Noida 


Emmvee Photovoltaic Power Private Limited, Bengaluru 


India Meteorological Department, New Delhi 


Indian Council of Agricultural Research, New Delhi 


Indian Institute of Technology (BHU), Mechanical Engineering 


Department, Varanasi 


Indian Institute of Technology Bombay, Mumbai 

Indian Institute of Technology Delhi, New Delhi 

Indian Renewable Energy Development Agency Limited, 
New Delhi 


International Copper Association India, Mumbai 


Maharashtra Energy Development Agency, Pune 


Ministry of New And Renewable Energy, New Delhi 


Ministry of Ports, Shipping And Waterways, New Delhi 


National Institute of Solar Energy, Gurugram 


Representative(s) 
DR A. K. TRIPATHI (Chairperson) 
SHRI AMRISH GUPTA 
SHRI A. R. SHUKLA 
DR P. SHANMUGAM 


DR CHANCHAL LOHA 
SHRI SUBHO SAMANTA 


SHRI RAJU GOYAL 
SHRI VAIBHAV GUPTA (Alternate I) 
SHRI MANMOHAN RATHI (Alternate II) 


SHRI ANIL KUMAR SINGH 
DR PRIYABRATA SANTARA(Alternate) 


SHRI VIMAL KUMAR 
SHRI RAJIV GUPTA (Alternate) 


SHRI ARUN KUMAR MISHRA 
SHRI R. K. KAPLASH (Alternate) 


SHRI VIJAY KUMAR С. К. 
SHRI MANJUNATH ULLUR H. (Alternate) 


SHRI H. S. SAWHNEY 
DR ANIKENDER KUMAR (Alternate) 


DR KANCHAN K. SINGH 
DR PANNA LAL SINGH(Alternate) 


SHRI S. KUMAR SHUKLA 


SHRI J. К. NAYAK 
DR SHIREESH KEDARE (Alternate) 


PROF DIBAKAR RAKSHIT 
PROF K. RAVI KUMAR (Alternate) 


SHRI SOM PAL 
SHRI S. К. DEY (Alternate) 


SHRI DEBDAS GOSWAMI 
SHRI V. K. GUPTA (Alternate) 


SHRI MANOJ A. PISE 
SHRI HEMANT MANIK (Alternate I) 
SHRI ANAND V. KULKARNI (Alternate II) 
SHRI SAMEER GHODAKE (Alternate IIT) 


DR S. R. MEENA 
DR A. K. SINGHAL (Alternate) 


SHRI ANIL PRUTHI 


DR CHANDAN BANERJEE 
SHRI KISHORE K. MENON (Alternate) 
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Organisation 
Nuetech Solar Systems Private Limited, Bengaluru 


Rites Limited, Gurugram 


Rajagiri School Of Engineering And Technology, Kerala 


Regional Test Centre, Pune 


Sardar Patel Renewable Energy Research Institute, Mechanical 
Engineering Department, Vallabh Vidyanagar 


Solar Thermal Federation Of India, Pune 


Representative(s) 
SHRI SHRY ANANTH 


SHRI SHRI RUPESH KUMAR 
SHRI MANISH TIWARI (Alternate) 


DR VARGHESE 
SHRI JOEL GEORGE (Alternate) 


SHRI PROF SANDESH R. JADKAR 
DR ANAGHA M. PATHAK (Alternate I) 
PROF KIRAN DESHPANDE (Alternate П) 


SHRI E. R. ASIM KUMAR 
DR SHAISHAV SHARMA (Alternate) 


SHRI JAIDEEP N. MALAVIYA 


The Energy And Resources Institute, New Delhi SHRIN. K. RAM 
In Personal Capacity (C-/03 A, JVTS Garden Chaterpur SHRI ATAM KUMAR 
Extension, New Delhi -110074) 
BIS Directorate General, New Delhi SHRI RAJNEESH KHOSLA, SCIENTIST ‘F’/SENIOR 


DIRECTOR AND HEAD (MECHANICAL ENGINEERING) 
[REPRESENTING DIRECTOR GENERAL (Ex-officio)] 


Member Secretary 
SHRI AMAN DHANAWAT 
SCIENTIST ‘B’/ASSISTANT DIRECTOR 
(MECHANICAL ENGINEERING), BIS 
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